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ȴ 1Ȳ ɑʔ 
Peq8503-˷ ¢:qt\çƺ9ƭĨê-µʢȹȁ-ȊæH9Wx
8˒ʍ7ŞáNƂ03I-ȳŻâĄ9-D8˒ʍ4JPeq:ư˷-ƨ˷-
ĥ˷5&3Ɠù(JtNŅĩ&3 1 Ƣ8ũʍ7TuZ5ƾ˹ɃNʉ033
JǵǔêǺ:Ƣ9TuZǭ4I-jy[ʭ:ȶøɔŘɓ8ũʍ7PvˑN
ºɉ&-¸ ȅ&-ȶ9ÁŤ-+&3ȶɦĨ8˒ʍ57Jɭɧ:$KH9·ȅNʉ03J
{j˶813:+K,K9ĒĴÓǰ8É -D8ũʍ7ʍɃ57Jǻ8{j
 C :Óǰ7ȶøɔFƒÈ&-ȶ9ÁŤ8ʉäȓ8É3JWcSF76
9˩ʓʭ:ȶøɔŘɓ8˒ʍ7ŞáN&3JE/LOŨȶøɔŘɓ8Eýǉ7İ
Ě4J$5:ƑJ7¢Ķ4J 1,2) 
Peq:ǆ7ƾ˹ɃNɠŴ&-˷¢ƓùN$7$54-ȳŻâĄ8ɖ#3
J+94-Ɠù(J˷¢9ʭN˽DJ-D8-69˷>ǺHjy[ʭFǵǔêǺ
NƓù&-Ơɻ9-%H8jy[ʭN·JPvˑ:¶N8Ɠù&-Hɻ
ȵď˴57JPvˑ8:ũ˱Pvˑ5ˬũ˱Pvˑ5I-ũ˱Pvˑ:µ
Ò4āŶ(J$5:794˷>ǺHƓù(JũʍJA-ˬũ˱Pvˑ:µÒ
4āŶ4J5:ʔ-µÒ4āŶ(J8:˞ȈI-ũʍ7E9:F:I˷>ǺHƓ
ù(JũʍJ&-03-$KH9PvˑPeq85037869G8
ũʍ79ď˴5703 J+94ˌŹ8503Ƣ9y}UeN#J-
D8:ȶ9øɔŘɓef8ʅ-¸ ȅ&-ȶ9ȊæFƒÈN8Ž-ȶ9ʭN
#3 ˒ʍ5703 J 
ħ 9Peq8503-ȶȊæ5ȳŻy}Ue9˚ˀ:ĨPeq:-
enȳŻ8˽ŚŔ1˗Ʃ˙9˅èʍǖ%KJ$5˲ɕ8BHK-ȳŻ9Ʌȕ
8Ň&ƉJ81K3-ȶȊæĨ 703 J$5?5O64JȳŻ9ȶȊæ
:ȶâ9´NƄ-ȳŻ8"Jy}Ue9´817JA--ȶȊæĢĨ
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&3JǼŲ4-˅ èNɋɌ(J5-ȶȎƔNȃ'J$5JŔȶȎƔNʯ$(5-
+9ʜā9×ġ9ɋɌĕ˨87J$5J-D-Peq8503-ʜā9ȶ9ď
˴ʯ$H7G8(J$5:ˬŌ8˒ʍ4J5ɠHKJ%H8ȳŻen8
3-Ȟ˙ˢ4ʜāʅMKJq±qŷF-ǎˁʜāʅMKJ\ŷŜŖ9
Ĩ®˘Ç%KJ$5ħJ+9G7Ĩ®83:-ʜāš9WxNçǿ
ɻ ʅ-Ǌ9ʜā84J."Ȋæ9Ľ7ɻ_pnc4ʜā8ɷDJ6
-éƙNņþ(J5ʔ03Eˆʔ4:7+9-D-Peq8503-ȳŻ8
"Jȶ9ˤķN4J."Ž-ȳŻ9y}UeN˽4ɍƅ(J$5-
+&3˅èš8ȑȃ(JȶƒÈN4J."ʶǪ&-%H8ýɬ7˞Iʾ ēŤ(J$5
:˒ʍ7ʡ˴4J$KH9ʡ˴Nʓǘ(J-D8-˅ èÞšFʜāƱ8PvˑNƓù
&3JPeq:ħ&&-Ñµȓ869G7ȶ9ď˴8Ĺ&3-69Pvˑ
NƓù(K;ɻNȁʓ&7HƓù&3JPeq:ħ 7+9-D-69P
vˑ69G8ȶ9ǼŲ8·ȅ&3 9NƦH8(JũʍJ 
ˆó9ȠȯHȶøɔŘɓ8˒ʍ7ŞáNƂ03J9jS4JƢƳ4:ü
 HŨɶ9Ɯɮ9ǙȐ 3)F-ɥˤķ9ÁŤȖȓ4ʂ5&3˘ȑ%K3J-ʺ ŏ9Ƞ
ȯH˼ǀȶ9ȶøɔŘɓ8˒ʍ7Şá4JȶɄɫɴ9ĲĵŬN¿/ef7ȶø
ɔŘɓ·ȅNƂ03J$5M033J 4-11)A--˅ èš9ȶƒÈ813:-
ȶÁŤ9˒ʍ7ŞáNũ˱Pvˑ4JRcƂ03J5ǞȖ%K3J3Ƣ˙
ǎƢamW9ʜāNʅ0-ˌŹˈ9Ďǥ9Pvˑ9Ɏɚȓ7ʓƹ8GJ5-Ȋæ9
ƆǇ5&3Rc-jS-Pt-3-lzeld-xeq 598
Ƈ033I 12)-$9$5HEƢ9enǠè83:RcFjS
769Pvˑ˒ʍ7ŞáN&3J$5MJ 
Pvˑ94E-jS:˼ǀȶɆɗ83-ȶļɫµH9 Ca2+Ćø˓NĢã
%*J$58GI 13)-ɴRVʽˆŬ9ȉŌ8GJɴɺīŬNŽÜ&-ɄɫɴǠè˩³N
6 
 
Ĳĵê(J 14)5Ġć%K3J$9$5:˽ŚŔ˅èƩ9ȶȊæ9Wtf5%K3
Jȶòɒɍ9 Ca2+8Ĺ(JűúŬ9´F-ȶļɫµ8G03Ƙ×%KJ Ca2+9˓9´
8Ĺ&3çƺJ5ɠHKJĶˣ8jS:mq8"J˅èƩ9ȶȊæ8
Ĺ&3çƺJ5ĠćʋƛJ 15,16)A--jS:ëȐȀġ4ʂ5&3¸ȅ
%K3I-ȶdeq}nFɥǈɬˤķŭɡ9ȶâ-ȶɏř-ȶȎƔ769ȶˤķ8Ĺ
&3çƺJ5-ħ 9Ƞȯ4Ġć%K3J 4-11) 
˅èš9ȶɆɗƒÈ9ēŤ8:ȶjy[ʭāŶ˒ʍ7ŞáNƺ-&3Jȶj
y[ʭāŶ8˚&3-Rc:ȶɄɫ9mammalia target of rapamycin (mTOR)ɀ-
G<jy[ʭāŶ9ġ4JiNǠŬê& 17)-ȶjy[ʭāŶN¾˂(J
˒ʍ7Ĕį4J$5ȝHK3J 18-25)ìØ7RcNąCũ˱PvˑǦāǺ9
Ɠù8GI-˽ ŚŔT[aaRfš9~oRxẽ ȶjy[ʭ9āŶ˓HØʓ
˓Nŗ-E9̄N~e8ĤJ$5ȥ%K3I 21,26)-%H8ĨʦGI RcN
ħ ąCTR̃ǧ̉ǹHɭɧØFWhR76Nˠ-ǔǯǥ̄-˅èš9j
y[ʭāŶNGI¾˂&-$5Ġć%K3J 27)$9G8ȶjy[ʭāŶ¾˂
·ȅJRc:-˽ŚŔ˅èš9ȶƒÈH9ēŤçƺƱŠ%KJ 
$$A48ʼ>-jS-Rc9ǻŧNʲAJ5-ȳŻ8"Jȶ9ˤķ8Ĺ
&3:-ȶøɔŘɓ·ȅ8˒ʍ7ŞáNƂ03JjSƮç4I-˅ èš8ȑȃ
(JȶƒÈ8Ĺ&3:-ȶjy[ʭāŶ8ÊK3JRcƮç4JýɬŬɠ
HKJ 
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ȴ 2Ȳ ƝǾȠȯ 
2-1. ˅è8GJȶˤķ813 
zq:-ǆ7ġ˭4˅èN$703J-˅ èNʅ8:ȶNøɔ%*-˚ Ⱥ˅è
Nʅ$5ũʍ4Jȶøɔ:ɺīøɔˀ˚5ĉ;KJWtf83$7MK3
J 28)˅è8GJȶȊæ9Wtf:Ʀ7ˍØEJ-ɺīøɔˀ˚8ǈɬÐ
ȃ'J5-ȶȊæȃ'J5Ġć%K3J 29)ɺīøɔˀ˚99ȶòɒɍ9øɔǈ
ɬ-ȶļɫµ9 Ca2+Ƙ×ǈɬ9´ȶȊæNŗʯ$(ʍĔ5Ġć&3J 30)ȶļɫ
µ9 Ca2+Ƙ×ǈɬ9´Nʯ$(ʍĔ5&3-˽ŚŔ˅è8GIȶŜʭ8ʁȮ%KJǷǈ
ˑ˚½&3I-Ƿǈˑ9ǳŔĢã(J5-ȶ9øɔŘɓ8˚½&3Jȶ
òɒɍ9 Ca2+8Ĺ(JűúŬ´(J$5 31)-ȶļɫµ8G03Ƙ×%KJ Ca2+9˓
´(J$5 32)Ġć%K3J 
A--¨ 9ȶȊæʯ$JʍĔ5&3ȶ\_^˚½&3JƭĨˑɃƓù˓9
60-85%9ŚŔ9˅è4:-è·ȶ8ąAKJ\_^ƼǨ(J5-˅è9ɋɌ
ĕ˨4J$5Ġć%K3J 33,34)%H8-ƛØ«Ò4øɔɅ (Jʨɿ 35)F-ø
ɔēƛ 30 ē«47ʨɿ 36)83-ȶ\_^˓ħȶɒɍ?6-ȶȊ
æʯI8 $5Ġć%K3I-˽ŚŔ˅è83Eȶ\_^˓ȶȊæ
Nʯ$I8  (JŞáNƂ03J5ɠHKJȶ\_^Fʄ\_e7
69µÒ9ȿNTuZ5&3Úȅ(Jˣ8ˑȄȃ%KJȿ9Øʓ˽AJ81
K-ˑ9ȄȃĢ3 $587I 37-39)-ȿªʤNżƎ(J98ʄˑǳŔNÚȅ
(J$54J5ɠHK3JʄˑǳŔ5˅èʨɿ9˚½8˚&3-ĉĆĒɀ9
ªʤ8ǞȖ&-Ġć4:-ˑɃƓù˓5£ˑêǵɃȄ×˓9Xe¥ƍǐHǖDJǷˑɃ
Ŭ·ǃ˛Ã:ƍǓŬ·ǃ˛Ã5ĵɜ%K3I 40,41)-ʄˑǳŔ9ĢãĭAJǶ̃
ˑŬ·ǃ˛Ã̄HūĢ(JǶ̃onset of Blood Lactate Accumulation: OBLĀ4J5
ɠHK3J 42)ɽŏÅŌȇŬFĨıȇįamWˌŹ83:-ƭĨˑɃƓù˓9
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60%ȬŔƍǓŬ·ǃ˛Ã40-5ĠćJ 43) 
¨8˅è8ȶȊæȃ'JʍĔ5&3-˅ è8GJȶɒɍ9ŦɄƒÈƇ#HKJȶ
9ŦɄƒÈNʯ$($58GIȶȊæȃ'-ȶâ´(J5%K3J 44)ȶƒÈ9
ʛ»Ơǜ5&3-ȶNȘƋ¼ʌ(JȶȃǂI-Íı˵Ŧ˖F˩į˵Ŧ˖Nȅ-ʑĸ8
GIȶƒÈ9ȬŔNżƎ(J$54JȶƒÈ:˅èȘš8ʑĸ%K-+K˅è 48
Ʃ˙šA48ŐȻĖ87J5Ġć%K3J 45,46)A--ȶƒÈ9˙ƋȓƆǇ5&3:ȶ
â´ 47,48)-ʄ[Pl}Ue}UY±hǳŔFʄV\{ǳŔ9ƥ 49-51)
76Ƈ#HKJ-ʄW9ƥ˓813:Â¦ŇBHK-ȵľŬȶâ9˗Ʊ
˙9´ȶƒÈ˓NƭE÷Ƨ(J5ĠćEJ 52) 
˽ŚŔ9˅èN$70-ġā-˅èšƛƩ˙H 1 ƢȬŔɇˆ&3H-ȶȏNȑȀ
(J$5I-+9G7ȶȏN˃ȑŬȶɣȏ̃ Delayed Onset Muscle Soreness: DOMS̄
5 53-55)DOMS:-øɔ&3Jȶ±;%KJ±řŬȶøɔN°˅è8G03ȃ
'F(5ʔMK3I 53)-+9òĔ5&3ȶ-ɈāɆɗ9ƒÈ5+9š9Ǵȍ÷Ūò
Ĕ4J5(JʠƮâ4J 55,56) 
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2-2. Pvˑ813 
Pvˑ5:-ØįÒ8Pvğ(-NH2)5WYcğ(-COOH)Nƅ1êāǺ9ɐȪ
4Ĩė 2-1 -̄˥IāPvˑ9Pvğ5WYcğɈā(J$58GIj
y[ʭǅŶ%KJ˼ ǀȶ9jy[ʭāŶ:-ʄǥ9PvˑǳŔ8ŝˮ%K-˷
¢ȵ9Ɠù8GIʄǥ9PvˑǳŔƥ(J5-ʾF8˼ǀȶjy[ʭ9āŶ
ʾŔĢã(J$5ȣʞ%K3J 57,58)Pvˑ8:-µÒ4ȃŶ(J$54)
˷¢76ĦˍHƓù(JũʍJũ˱Pvˑ̃Essential Amino Acid: EAĀ5-µ
Ò4āŶ(J$54Jˬũ˱Pvˑ̃Non- Essential Amino Acid: NEAĀJ
PvˑƓù8GJȶjy[ʭāŶ83:-ũ˱Pvˑ-ǻ8˒ʍ7ŞáNƺ-
&3J5ɠHK3J 59-61)ũ˱Pvˑ98-ǅʿȓ7ǻŧHØń˕Pvˑ
̃Branched Chain Amino Acids: BCAĀ5ĉ;KJE9I-Rc-x-Ri
Rcʝś(JBCAA:˼ǀȶjy[8ąAKJũ˱Pvˑ9G+ 35̂Nð
DJ 62)˽ŚŔdeje˅èʨɿ49ȶȊæēŤ8˚&3:-BCAA 9Ɠù:˅è8
GJȶƒÈNʶǪ(JýɬŬȥ%K3J 63,64) 
A--Pvˑ8:ƾ˹Ƀ5&3«Ħ9ǈɬJ5ʔMK3I-ʺ ŏǞȖ%K3J
¹;-jS:ȶɆɗ8"JɄɫɴ9ǣʽęʢȺǈɬ 13,14)-PZt:ÒØǛɀ
8·ȅ&3Ŷ˗9ØǛN¾(·ȅ 65)-\j:ǤêĒɀ9ÁŤ·ȅ 66)-+&
3Rc:ȶjy[ʭāŶ9¾˂·ȅJ$5ȝHK3J 18-25)ƳȠȯ4:ȶ
ǈɬ8˚½(JPvˑ5ʑǶH-jS5Rc8ǞȖ(J 
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ė 2-1 Rc9ǅʿŖ̃Pvˑ9ǅʿŖ9¹̄ 
 
 
 
ė 2-2 RciNǠŬê(JRdė 
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2-3. jS813  
Pvˑ9Ø˶98-ǅʿ8ȡ̀òįNąCE95&3ąȡPvˑI-+99
18jSąAK3JjS9êıă: 	PvTjeˑ-êıŖ
: C2H7NO3S5ʆʘ%K-ȒɼǷɹ9Ɉƪ4JjS:èǺ9ħ 9ɆɗÒ8Ő
 İĚ&-ǻ8ƻȧɇɆɗF-Ũȶ-˼ǀȶ768İĚ&-˩Ǔȓ8ɺī(JɆɗÒ8
3˽ǳŔ8ǂ×%KJ 67-70) 
jS:ƾ˹ʉä°[768ħ ȅHK3J-˾§˶769˷ǺHƓù
(J$54 71,72)-µÒāŶE%K3J&&-zq4:ɪÎFƟȃÎ4jS9
āŶɬ´ 73)-$9ƩƱ9jSũʍ˓9ħ ĦĔŬ8ʉɉ%K3I 74)-íũ˱
Pvˑ5ɠHK3JɇûƓù%K-jS9Ĩí:Ŀ8ƈǚ%K-ȃµÒ9j
SǳŔ:ɱ83ʢȺ%K3J 75,76)µÒ4:¨9Pvˑ5Ɉā*)-ʃȒʭ
8ùIʹAK7˄˧&-ǼŲ4İĚ& 68)-Åŕ¦8:-µ˒ 1kg ś-IɁ 1g ąA
K3J 73)  
jS8:-ʄę˝·ȅ 77-79)-ſƜɮ 3)-ſˑê·ȅ 80,81)-Ũǈɬ9ĢŚ 4,82-84)7
6ǆ7ȃȁıȓçƺĠć%K3JjS9·ȅNʆ 2-1 8ȥ( 74)A--jS
:ŽÜŬȧɇ¯ˈǺʭ5&3ȝHKJ-Pvˏˑ(GABA)5˶²&-ǅʿNƅ/̃ ė
2-3̄85)-ŽÜŬȧɇ¯ˈǺʬ5&3ȧɇ9ʢȺ·ȅNƮ&3J 67,86-88)jS9E0
5Eȣȱ%K-ǈɬ915&3-Č˶9˼ǀȶɆɗ8"JɄɫɴ9ǣʽęʢȺǈɬ
JjS8G03ȶļɫµH9 Ca2+Ćø˓NĢã%*J$58GI 13)-ɴRV
ʽˆŬ9ȉŌ8GJɴɺīŬNŽÜ&-ɄɫɴǠè˩³NĲĵê(J94J 14) 
jS:ëȐȀġ4E¸ȅ%K3I-ȶdeq}nFɥǈɬˤķŭɡ9ȶâ-ȶ
ɏř-ȶȎƔ769ȶˤķ8Ĺ&3çƺJ5Ġć%K3J 4-11)ȶdeq}nŭ
ɡ83˼ǀȶ9jS˓:ǪĽ&3I-jSƓù8GIȶɏřƖĐ&-5
Ġć%K3J 5)ȶȎƔ:ȶøɔ9ǈœHɠJ5-ė 2-496$4ȉŌʯ3Eʯ
12 
 
$IJ 89)ƮȏŬȶȎƔNƮ(JɥȢĤŭɡ8jSN 3.0g/day 4ɇûž&-5
$L-ž 7 ƢȖGIȶȎƔĳÐ8ǤĪ&-$5NĠć%K3I 10) -+9ȁȆ5&
3ɥȢĤŭɡ4:-ȶÒ9ªʤȉŌ8GI˼ǀȶjSǳŔǪĽ&3JýɬŬ
I-jSNƓù(J$58G03-˼ ǀȶÒjSǪĽ8GJȧɇȶƋāˍ9ɴˆɺ
īŬŽÜ%K--D4:75ʼ>HK3J 6)  
˼ǀȶÒ8"JjSǳŔ8˚&3-mq4:ĨˍØ˼ǀȶ8˄˧&-ǼŲ
4İĚ& 90)-ʄǡHºɉ%KJ 91)-µǥGIE˽ǳŔ8ǳɔ%K3İĚ& 74)-
˼ǀȶÒjSąƮ˓:µÒɐjS˓9 75%5ʔMK3J 68,92)mq83-
˼ǀȶ9ȶɒɍ:-zq5Ăǆ8ʾȶ-˃ȶ-Ǧāȶ5jR~J-˼ǀȶjSǳ
Ŕ:+K,Kȉ703I-˃ȶɒɍƮŰĜE05E˽ǳŔ4I 93,94)-zq9ĦÆŐ
ȶ4: TypeɒɍGIE Type
ɒɍ4˽5Ġć%K3J 95,96)zqNąCħȭ˶9
ȃǺ83E-ȶɒɍjR~8G03-˼ǀȶjSǳŔ:ȉ7J5ʔMK3J
94,97,98)$9G7ˉ:-ɪȃƱF×ȃȘš8:ʎHK)-Ŷ˗ȑˈ8GJȶ9ȑɨ8
°03-ȶɒɍjR~8GJjSǳŔ9ˉȃ'J5%K3J 99)A--q
t\ɇ˻9Jɡ:˼ǀȶÒjS˓ħ5ĠćEJ 100)  
˅èNʨɿ&-59ʄõ<ȶÒ9jSèŲF-jSNž&-š9˅èš
9ʄõ<ȶÒ9jSèŲ813-mq8"JȠȯĠć%K3Jmq8
3ˆŬ9˅èʨɿ8GI-˼ ǀȶ9jSǳŔǪĽ(J5Ġć%K3I 101)-
mq=9jSž8GIqm°ʮʅƩ9˼ǀȶjSǳŔ9ǪĽNŽJ
$54-ȊæĕŵA49Ʃ˙˗ 7J5Ġć%K3J 102)A--˅èš9ʄ
ˑ-Ŀ9 3-lzeld̃3-MH̄jSž8GIǪĽ(J5Ġć%K3I
103)-jSž8G03-˅èʨɿ4ȃ'JȶƒÈȶˤķ8GJȶjy[Øʓ9Ɔ
Ǉ5%KJǺʭ4JĿ[Plt-[Pl-3-MHǪĽ&-jS˅è8
GJȊæŬ9ȶˤķ+9E9N¡˜(JçƺJ5%K3J 15) 
13 
 
jS9zq8"JȠȯ4:-ĨıȇįamWˌŹ83 90Ø˙9amW9
ʜāN 3ƢˀɌ4ʨɿ&-ġā-Ȋæɛ83Ďǥ sIgAØǛʾŔ´&-Ďǥj
SǳŔ:Ģã&-5ĠćJ 104)A--jSƓù8GI˗Ʃ˙˅èƩ9ʄ
\_e9´NŽÜ&-5Ġć 105)I-jSƓù:˅èƩ9ȿªʤ8ŝ
ˮNõ@&3J$5ȥč%K3J$KH9$5H-zq83E˅èƩ9Ȋæ
5jS59˙8˚ˀJ5ɠHKJzq8"J˽ŚŔ˅è8G03ȃ'J˗
Ʊȓ7ȶƒÈ8Ĺ(JjSƓù9çƺ8˚&3- 1ĠćJqRPe
ˌŹ9ǎƢ 3 Ʃ˙9t\-ǔǟ-aR[\N$7˽ʨɿ9 8 ˁ˙9q
t\83-ǎƢ 3g9jS9Ɠù:~gƓù5ǐʷ&3-ȶƒÈNŽÜ(J
çƺ:70-5Ġć%K3J 106)A--ɤŀƫ˅è8˚&3ʒʾŔ 30̊Ŕ/ȩ̋9ˊ
ŨŬ˅èN 10ē 6gmqĶơ&3-1Ƣ8µ˒ 1kg-I 0.1g9jSƓùN 2Ƣ˙
ʅ0-Ɉƺ-~gƓù5ǐʷ&3 48Ʃ˙š9ˊŨŬ|[q[83ȶâ´N
ŽÜ&-E99-24-72 Ʃ˙š9ˊŨŬ|[q[G< 24-48-72 Ʃ˙š9ȵľŬ
|[q[-ǖŨŬ|[q[83:ƮŰŇNʞD)-%H8 24-48-72Ʃ˙š
9ʄ CKǳŔ8˚&3EƮŰŇNʞD70-5Ġć%K3J 107)%H8-˽ŚŔ
deje˅è8GJȶƒÈ8Ĺ&3:-BCAA 5jS9ǦāǺ9Ɠù:çƺJ
-jSîǽƓù:˅è 4ƢšA49ʄ CKǳŔFʄ LDHǳŔ9ƥNŽÜ&7
0-5Ġć%K3J 108)$KH9ĠćH-zq8"J˽ŚŔ˅è8G03ȃ'J
˗Ʊȓ7ȶƒÈ8Ĺ(Jçƺ:-jSƓù9çƺ:˞ĵȓ4I-Ĩ7çƺţHK
7$5ȥč%K3J 
«NA5DJ5-jS8:˼ǀȶɆɗ8"JɄɫɴǠè˩³NĲĵê(J:-
HF-ŽÜŬȧɇ¯ˈǺʬ5&3ȧɇ9ʢȺ·ȅI-$9·ȅħ 9ȋȌ8GJȶ
ˤķ8Ʈç4J5%K3J˅ èƩ8:-øɔ˼ǀȶN:'D5&-ɆɗH-ǣʽę
ʢȺ9ˆȬ4jSƘ×%KJ$5ȥč%K3I 109)-mq83:jS
14 
 
Ɠù˼ǀȶjSǳŔ9ǪĽNŽ 102)-˅èƩ9ȶȊæG<ȶƒÈNʶǪ(J$5
Ġć%K3J 15,16,101,102)&&-zq8"J˅èÞ9jSƓù-˅èƩ9ȶ
ȊæG<ȶƒÈNŽÜ(J6:-ĵ9ʎʓţHK37
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ʆ 2-1 jS9ȃȁ·ȅ 74) 
1̄ɥɩˇɀ 
˄˧ĜɩǕˑ59ƀā 
ɩǕƈǚ9¾˂̃Úɩ·ȅ̄ 
ɩȟŜŶŽÜ·ȅ 
ɩőʥ·ȅ 
2̄ȑɨƾ˹ 
ȑɨ9ʢƜ 
ƻȧɇɀ9ȑˈ 
ɎɴɆɗ9ȑˈ-ʏǈɬ9ɍƅ 
ɢʐǈɬ9ȑˈ 
ɭɧĆø¾˂·ȅ 
3̄ȧɇɀ 
ȧɇ¯ˈǺʭJ:ȧɇʢȺǺʭ 
ſ"KO·ȅ 
4̄ťȂĒɀ 
ſƜɮ·ȅ 
ˡŬĤâ·ȅ 
ʄę´·ȅ 
5̄+9¨ 
ʄļƸÕ˦ŽÜ·ȅ 
ˆˑêɭʭȄȃ9ŽÜ 
ʄǧ_eo´·ȅ 
Ʉɫɴ9¿ʥ 
Ʉɫǣʽę9ʢƜ 
ȃµȉǺ9ʓǏ·ȅ 
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ė 2-3 jS5 GABA9ǅʿŖ 85) 
 
 
 
 
 
 
 
 
 
 
 
 
  
ė 2-4 ȶøɔƩ9˩ʓʭ9è 89) 
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2-4. Rc813 
  Rc:ũ˱Pvˑ8Ø˶%K-+94E BCAA5ĉ;KJPvˑ914
JBCAA 94ERc:ȶjy[ʭāŶN¾˂(J˒ʍ7Ĕį4J5ɠHK
3I-āŶ¾˂9Wtf5&3ȶɄɫ9mammalia target of rapamycin (mTOR)
ɀ-G<jy[ʭāŶ9ġ4JiNǠŬê(J$5Ƈ#HKJ 17-25) 
˽ŚŔT[aaRf:-ƅâɀ5ȶâɀ96/H403E-R±e9umq~o
RxeNE-H( 110)-ìØ7RcNąCũ˱PvˑǦāǺ9Ɠù8GI-
˽ŚŔT[aaRfš9~oRxeN~e8ĤJ$5ȥ%K3J 21,26)
%H8-ĨʦGI 36 ̂ħ RcNąCTR-˅ èš9jy[ʭāŶNĨʦGI
E 33 ̂ħ ¾˂&-$5Ġć%K3J 27) 
«9G8-Rc:ȶjy[ʭ9āŶ¾˂·ȅG ȝHK3J-ȶjy
[ʭØʓ8țȖ&-Ƞȯ9ĠćEJSe8ìØ7jy[ʭNąC˷˺N 1 Ʃ˙ɉ
(J5-ɉȘšHjy[ʭāŶ¾˂%K-+9šØʓEŽÜ%KJ5Ġć%K3
J 111)%H8-mq=µ˒ 100g-I 135mg9RcNž&-5$L-jy
[ʭƓù5Ăǆ8ž 24 Ʃ˙š8ȶjy[ʭØʓŽÜ%KJ5Ġć%K3I 112)-
jy[ʭƓùȶjy[ʭØʓNŽÜ(JʍĔ5&3Rc˚½&3J5ɠ
HKJ%H8jy[ʭNǅŶ(JPvˑ8˚&3-ȶjy[ʭØʓŽÜ·ȅ8˚&
3Ɏɚȓ8ǐʷ&-5$L-Rc-L-lVt-L-c4˵ʀ7ØʓŽÜçƺNʞ
D-5Ġć%K3I 113)-Rc:ȶjy[āŶ¾˂·ȅ9B4:7 -ØʓŽÜ·
ȅEƮ&3J5ɠHKJ 
  Pvˑ9ȶȊæēŤçƺ8˚&3-$KA4ɸµ˒49e[mq˅èFƭĨȶâ9
̇̂49PW˅è50-ǐʷȓ´ŚŔ˽ ēƛ9˅è8"JĠćJ 114,115)
˽ŚŔdeje˅èʨɿ49ȶȊæēŤ8˚&3:-BCAA 9ƓùNƢ 30g ʅ$
54ȶȏŽÜ%KJ59Ġć%K3J 116)-Ɠùũʍ˓ħ$5˨Ƕ4J
18 
 
mqN¸0-Ķ˻4-ȶjy[āŶ9¾˂8:TR9?ļ˿GIÊK3J$
5ȥ%K3I-ȶjy[āŶ:+K,K9jy[ʭǭ8ąAKJRc9˓5-
Ɠ˷š9ʄǱRcǳŔ69ȬŔ˽AJ8ğ23J5%K3J 117) 
 Pvˑ9ˎāáā8˚&3:-Rc9ˎāáāN 40̂A4˽D-ũ˱PvˑǦ
āǺ9Ɠù:-Rc9ˎāáā 26̂9ũ˱PvˑǦāǺ5ǐʷ&3-ȶjy[ʭ
āŶ¾˂çƺ˽5Ġć7%K3I 118,119)-40%9áā9Rc˽ˎāɆŶ
ȶjy[ʭāŶ9¾˂8Ʈȅ4J$5ȥ%K3J 
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2-5. ƝǾȠȯH9ʡ˴ʙĵ 
 ˅è9ȶȊæ9òĔ:-1)˽ŚŔ˅è8GJǷǈˑ9ʁȮ8GJȶļɫµ9 Ca2+
Ƙ×ǈɬ9´Fȶòɒɍ9 Ca2+8Ĺ(JűúŬ9´-2)ȶ\_^9ƼǨ-3)ȶ
ƒÈ50-òĔJA-˅èš8:ȶƒÈ-+K8GJǴȍ÷ŪNʯĔ5(J DOMS
ȑȃ&-ȳŻy}Ue9´NƄ  
 $KA4jSƓù8G03-Ʉɫɴ9Ĳĵê·ȅ-ʄ\_e9´NŽÜ-˼
ǀȶ\_^9ĢŚ·ȅ9ĠćI-jS9$KH9·ȅ˅è9ȶȊæ
G<ȶƒÈNʶǪ(J$54J94:75ƌǬ&3JA--˽ ŚŔ˅èš9ȶ
ƒÈ8Ĺ&3:-zq8"JjSƓù9çƺ˞ĵȓ4J5ĠćJ 106)-
108)-ȶjy[ʭ9āŶ¾˂·ȅ-ØʓŽÜ·ȅNƮ&3JRcƮç4J5ƌ
Ǭ%K-ǻ8ȶjy[ʭāŶ¾˂çƺ˽5%K3J 40%9áā9Rc˽ˎā
ɆŶ 118,119)-ȶƒÈH9ēŤ8ˋ&3JPvˑ4J5ɠHKJ 
˅è9ȶȊæ-ȶƒÈ8˚&3:ȳŻȀġ=9ŪȅNɠJ5-Ķˣ9ȳŻ4:ǆ7
˅èǆŖąAK3J$5ħ -amWFxe]mq769ȳŻNůĵ&-
ġā-ší87J?6ȶȊæ-ȶƒÈĨ 5ɠHK-+9G7ġ˭49çƺNǂʖ
&-%H8-jS:ȿªʤ8E˚ˀJ5ĠćEJ-D-A)ȿªʤǠ
ȑ8ʯ$JG7ƭĨˑɃƓù˓9 60%ȬŔNēJG7ǷˑɃŬ·ǃ˛Ã 43)NʰJ
˽ŚŔ9ƅŬ˅èN$7-+9šdeje˅èNĶơ(J$58GI-˅ è9
ȶȊæ-ȶƒÈ=9ŝˮNǂʖ(J$58&-˅ èš9ȶƒÈNʛ»(J-D8:-˅ è
šH%H8ȶƒÈ9ȬŔŐ03 G7ŚŔƯA&-D-±řŬøɔN°
˽ŚŔdeje˅èNƊȅ&- 53) 
 «NʲA-ʡ˴ 1 4:zq83ƅŬ˅è5deje˅è9ʋā˅èƩ9
ȶȊæG<ȶƒÈNjSƓù4ŽÜ(J5¬ʠNȱ3-ʡ˴ 2 4:±˗Ŭøɔ
N°˽ŚŔ÷Ťdeje˅èš8ȃ'JȶƒÈH9ēŤNƤDJ-D8: 40%9
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áā9Rc˽ˎāPvˑǦāǺ9ƓùƮç4J5¬ʠNȱ3-ǂʖN&- 
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ȴ 3Ȳ Ƞȯ9Ȗȓ5ʡ˴ 
 Peq8503ȶ9ď˴ʯ$H7G8(J$5:˒ʍ7ʡ˴4J˅è8
GJȶ9ˤķ8˚&3-ƳȠȯ4:-˅è8ȃ'JȶȊæȶƒÈ-+&3˅èš8˗Ʊ
˙ɋɌ(JȶƒÈ9 2 ȭ˶8Ø˶&3ɠ-$KH9ȶ9ď˴:-+K,Kȉ7JW
tf8GIȃ'3I-ÞȲ9ƝǾȠȯGI-ȶøɔŘɓ·ȅ9ď˴Fȶ\_^
9ƼǨ˚ˀ&3J˅è9ȶȊæFȶƒÈ8Ĺ&3:jSƮç4I-˅ è
š9ȶƒÈ8Ĺ&3:RcƮç4J5¬ʠNȱ3-+$4-«9 2ǶNƳ
Ƞȯ9Ȗȓ5&- 
1. zq8"J˅èÞ9jSƓùƅŬ˅è5deje˅è9ʋā˅èƩ9
ȶȊæG<ȶƒÈ8õ@(ŝˮNƦH8(J$5 
2. zq8"JRc˽ˎāũ˱PvˑǦāǺ9Ɠù±řŬøɔN°˽ŚŔ÷
Ťdeje˅è8°03ȃ'JȶƒÈ8õ@(ŝˮNƦH8(J$5
 
 ƳȠȯ9ȖȓNˈŶ(J-D-«9ʡ˴Nʙ"- 
 
2Ƞȯʡ˴ 1 
˅èÞ9jSƓùƅŬ˅è5deje˅è9ʋā˅èƩ9ȶȊæG<ȶ
ƒÈ8õ@(ŝˮ 
jSƓù8G03-Ʉɫɴ9Ĳĵê·ȅ-ʄ\_e´9ŽÜ·ȅ-˼ ǀȶ\
_^9ĢŚ·ȅ9ĠćI-jS9$KH9·ȅ˅èƩ9ȶȊæG<ȶ
ƒÈNʶǪ(J$54J94:75ƌǬ&3Jmq83:˅è9ȶ
ȊæFȶƒÈ8Ĺ&3-jSƮç4J$5ȥ%K3J-zq83:ìØ
8ǂʖ%K3J5:ʔ7+$4-Ƞȯʡ˴ 1 4:zq83˅è8ȃ'Jȶ
ȊæG<ȶƒÈNjSƓù4ŽÜ(J5¬ʠNǂʚ&- 
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2Ƞȯʡ˴ 2 
Rc˽ˎāũ˱PvˑǦāǺ9Ɠù˽ŚŔ÷Ťdeje˅èš9ȶƒÈ8
õ@(ŝˮ 
 ˅èš8ȃ'J˗Ʊȓ7ȶȊæ5&3 DOMSI-ȶƒÈ˚ˀ&3J5ɠHK
3JȶƒÈH9ēŤNƤDJ-D8:-ȶjy[ʭāŶ˒ʍ4J5ɠHKJ
+&3-Rc˽ˎāPvˑǦāǺ9Ɠù:ȶjy[ʭāŶN¾˂(JçƺJ
5ȥ%K3J&-03-˅ èš8ȃ'JȶƒÈ8Ĺ&3Rc˽ˎāPvˑǦā
Ǻ9ƓùƮç4JýɬŬɠHKJ-+9çƺ:ìØ8ǂʖ%K3J5:ʔ
7+$4-Ƞȯʡ˴ 2 4:±˗ŬøɔN°˽ŚŔ÷Ťdeje˅èš8ȃ'J
ȶƒÈH9ēŤNƤDJ-D8:RcƓùƮç4J5¬ʠNǂʚ&- 
 
ƳïģʣƝ4:-ʘ8Ƈ#JȠȯʡ˴Nǂʖ&-+K,K9Ɉƺ-õ<ÌʅȠȯH-
˅èƩ9ȶȊæG<ȶƒÈ-+&3˅èš8˗Ʊ˙ɋɌ(JȶƒÈ8õ@(PvˑƓ
ù9çƺNɠĸ&- 
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ȴ 4Ȳ Ƞȯʡ˴ 1 
˅èÞ9jSƓùƅŬ˅è5deje˅è9ʋā˅èƩ9ȶȊæG<ȶƒ
È8õ@(ŝˮ 
 
4-1. ɑʔ 
ȶȊæ:ȳŻy}Ue´FenǠè9ɋɌNĬ#JʍĔ5703Jȶ
Ȋæ9ʛ»5&3-˽ʾ}TĤƍ(Fast Fourier Transform: FFT)Nȅ-ȶ˩ėĈǝ
ƛʓƹ:-ȶ9ʭȓʛ»5&3Ő ȅHK3Jǻ8ƭĨȶøɔ8GJȶȊæƩ8:-
ȶ˩ėȮØÃ9ĢĨ5ȶ˩ėĈǝƛye[q9´Ĉǝŋ=9ȫʅ̃ ˠǝê ̄ȝH
K3I-ªʆÃ4JŎěĈǝƛ̃Mean Power Frequency:MPF̄:ȶȊæƆǇ5&3
ǆ7Ƞȯ8ȅHK3J 120-123)A--ȶȊæȃ'-ˣ-|[q[:´&3
 5Ġć%K3I 124,125)-ƭĨȵʾŬɵ±Ł˅è8"J|[q[9Ĥê: 40̌60 
ēA48ūǲ7ǪĽNʎ*J5Ġć%K3J 120,123)%H8-|[q[5 MPF 9
˚½813-100 ē9ƭĨȵʾŬɵ±Ł˅èNȅ3-+9À˳ŬNǂʖ&-Ɉƺ-˽ 
ș˚˚½Nȥ&-5Ġć%K3J 125)A--ȶ8Ĩ7ʨɿI-ȶƒÈ&-ġ
ā8:-ȶ8ąAKJV\{8ªʆ%KJȶȆƵ9ːɃʄǥ8×Ȁ(J-D-
+9ʄ9Ǭĵ˒ʍʏ%K3J 49-51) 
ʺŏ-˅è8GJȶȊæG<ȶƒÈ9ʶǪ8Ĺ&3jSƓùƮç4J5m
qNȅ-Ƞȯ83Ġć%K3J 15,16,102,103)jS:ȶļɫµH9 Ca2+Ćø˓N
Ģã%* 13)-ɄɫɴǠè˩³NĲĵê(JÉI 14)-ȶȊæ9òĔ57Jɺīøɔˀ
˚99ȶòɒɍ9øɔǈɬ-ȶļɫµ9 Ca2+Ƙ×ǈɬ9´N˜!94:75ɠ
HKJ&&-Ķˣ8ȶȊæ-ȶƒÈ9ʶǪ8˚(JĠć:mq8Ĺ(JE9?5O
64I-zq8"JjSƓù˅èƩ9ȶȊæ-ȶƒÈ8õ@(ŝˮ:ƦH8%
K37 
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ƳȠȯ4:Þʼ&-ȶȊæ9ʛ»Nȅ3-zq8"J˅èÞ9jSƓùƅ
Ŭ˅è5˽ŚŔ÷Ťdeje˅è8°ñƩȓ7ȶȊæG<ȶƒÈNŽÜ(JN
ǂʖ&-  
 
4-2.Ơǜ
 4-2-1. Ĺʧ
Ĺʧ:ĨıȇįamWˌŹ 10 ẵŏ́̈20.81.3 Ǎ-ʳ˗̈172.84.5cm-µ˒̈
68.05.2kḡ5&̃ʆ 4-1 -̄đǸ-P_ƓùG<a~qƓù9ɞųNE-
7ɡ5&-ƳȠȯ:-ȷǝĨıĨı˟¦˙ɐāȨıȠȯȨȠȯÄȁĮċ®9źʞNú"
ʅMK-̃ µ 22-176ÿ ̄Ĺʧɡ8Ĺ&3:-Ƞȯ9ʱƣNìØ8ʠƦ&-ƝƬ8GJĂŰ
Nţ3ʅ0-  
 
ʆ 4-1ʇ˻ɡŮĠ 
    ŏ́̃Ǎ̄ ʳ˗̃cm̄ µ˒̃kḡ 
̃=10̄  20.8 ± 1.3 172.8 ± 4.5 68.0 ± 5.2 
 
 
 4-2-2. ǬĵƠǜ5Ǭĵ˯Ȗ  
 (1) Ķ˻~q_̃ė 4-1̄  
H'DğȤpjNǬĵ(J-D8-ƭĨ˅èʨɿoeq5ƭĨȶâǬĵoeqN
Ķ˻9 2ˁ˙«Þ8ʅ0-  
ʜ˻pbR:£˒ȗǂ[eVxʜ˻5&-Ƴʜ˻4:-jSǔE& :~
gǔN˸ȅ&3EH-+9çƺNǂʖ&-7-jSǔN˸ȅ&-5NTɛ-
~gǔN˸ȅ&-5N Pɛ5&- 
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Ķ˻ÞƢ9 21 Ʃ8ʇ˻ɡ8˸ƞǔ5ĥ˷Nˎŉ&-21 ƩH 22 Ʃ9˙8ĥ˷NǩA
*3EH0-22 ƩH 23 Ʃ9˙8 1 ēȖ9˸ƞǔƓùNʅ-23 ƩHɝƢ 5 Ʃ
A4Ȝγ5&-5 Ʃ8ʯŒ& 5 Ʃ 40 ØA49˙8 2 ēȖ9˸ƞǔƓùNʅ-Ķ˻®
ġ8Ûțš-ʳ˗µ˒9ǬĵNʅ0-µ˒9Ǭĵ8:ɭɧʕ©ej(TRF-
560̅ƿŖ®ȦjtjȦʊ)Nȅ-6 Ʃ 20 ØH 6 Ʃ 30 Ø9˙8 3 ēȖ9˸ƞǔƓ
ùNʅ03EH0-+9š-ɸʵʴT`j8GJ˅è-ȵʾŬȶâǬĵǈ̃ BIODEX 
System 3 B̅iodex Medical Systems Ȧʊ «̉BIODEX̄8"Jɵ±Ł˅èNʅ03
EH-˅èš 1 Ʃ˙9Ĳ˫N5I-Ķ˻Ʌ 5&-1 ē8"J˸ƞǔ9Ɠù˓: 
500ml 5&-ɸʵʴT`j˅èÞ(«; pre)-ɸʵʴT`j˅èš(«; 
post ergo)-BIODEX 8"Jɵ±Ł˅èš(«; post BDX)-˅èɅ HĲ˫ 30 Øš
(«; post 30)-Ĳ˫ 60 Øš(«; post 60)9+K,K 519ƩǶ4ɟǼƊʄ˔Nȅ3
ɤǌȔ˫ɮGIƊʄNʅ0-Ɗʄ:ëŊʅ-Ɗʄ˓: 1ē9Ɗʄ4 19ml 5&-  
 
(2) ƭĨ˅èʨɿoeq   
ƭĨ˅èʨɿoeq:ɸʵʴT`jNȅ3-ĉǓXeØƹʈə̃AE-300SRC̅
±qëȨıȦʊ̄8GI-ʇ˻ɡ 10 ă9ƭĨˑɃƓù˓̃V
̆
O2max̄9ǬĵNʅ0-
oeq9Ź˰:-2 Ø˙9Ĳ˫š-50W 9ʨɿ4SU\Pm~Nʅ-Ɍ3Ȋæ
ĕŵA4 30W/Ø9~ʨɿ˅èNʅ0-ēʵƛ: 60 ēʵ/Ø8Ɋ(JG8ʇ˻
ɡ8ƆȥN&-  
Ʌ ƴ­:- 
 ĉǓXeØƹʈə8GItj%K-ˑɃƓù˓̃V
̆
O2max̄~q8ˈ&-
ƩǶ 
 Xe¥ƍʪ 1.10 Nē0-ƩǶ 
 ŨƃƛƭĨŨƃƛ̃220-ŏ́̄Nʰ-ƩǶ 
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9 3 19ƴ­9Ò-2 18ʝś&-ƩǶ4oeqNǋ5&-+9ƩǶA49pj4 
V
̆
O2maxNȸ×&-  
  
(3) ƭĨȶâǬĵ  
ƭĨȶâǬĵ:-BIODEX Nȅ3Āɯ9ƭĨåâ49ɵ±Ł˅è8"JƭĨȶâ
NǬĵ&-Āɯ 3 ē)1-ʇ˻ɡ8ƭĨȶâNȑƏ&3EH-+9ˣ9|[q[
9ņþ9ŎěÃNʕȸ&-ŎěÃ9˽Ơ9ɯN˅èʨɿoeq9˅èɯ5&-  
  
(4) ʜ˻˸ƞǔ   
ʇ˻ɡ8jSǔG<~gǔ9 2 ȭ˶N-ˁ˙«9˙ˢN"3˸ȅ&3
EH0- 
jSǔ:ňʩ9ǔ 500ml 8 2g 9jSȼƲNǯ&-·Ŷ&-jSǔ:-
Ķ˻ 2 ƢÞ9 22 Ʃ-ÞƢ9 5 ƩG< 6 Ʃ 20 Ø8·Ŷ&-~gǔ:ňʩ9ǔ
500ml 5&-˸ƞǔ:Ōǫ̃20~25 Ŕ̄4¿İ&-Ķ˻ÞƢ9 21 Ʃ8ʇ˻ɡ8ˎŉ&
-7-jS9ˆàƓù8GJß·ȅ:BHK7$5Ġć%K3J 126) 
  
(5) ɸʵʴT`j8GJ˅è  
ɸʵʴT`j8GJ˅è:-V
̆
O2max9 75%9ʨɿ4ʅ0-̃ė 4-2 ̄ 
ʨɿ9_q:-ĉǓXeØƹʈə8GI 75% V
̆
O2maxNɍƅ4JG8&-
˅èÞ 2 Ø˙9Ĳ˫N5I-+9š 5 Ø˙4Ţ8 75% V
̆
O2maxA4ʨɿN#30
-+9ʨɿNɍƅ&-AA-30 Ø˙9˅èNʅ0- 
  
(6) BIODEX 8GJɵ±Ł˅è  
BIODEX 8GJ˅è:-ʒʾŔ 90/sec 9ȵʾŬɵ±Ł˅èN 100 ēʅ0-̃ė 4-
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3 ̄ ˅èȻĖN 0~905&-ƭĨåâ4ɵ±Ł 0A4±Ł%*-+9šɵŀƫ 90A
4âNÏK)8ŀƫ(J˅èNɘIʻ&-Ā9ș9Ʃ˙: 1 ȩ5&-1 ē9ɵ±Ł
ŀƫ˅è9Ʃ˙: 2 ȩ40- ˅è-ǂɡ:ʇ˻ɡƭĨåâ4˅è4JGŪƐ
Nʅ0-ɵ±Ł˅è8|[q[-ʆ˭˩Ǆ8G03ĨɳȘȶ9ȶǠèNǬĵ&-
ȸ×&-|[q[: 1-20 ē-21-40 ē-41-60 ē-61-80 ē-81-100 ē9 5 19ș
NRq 1, 2, 3, 4, 5 8+K,KØ"-Rqǎ9ŎěÃ9ǐʷNʅ0-  
  
(7) ȶ˩ė  
ȶ˩ė9Ǭĵ:-BIODEX 8GJȵʾŬɵ±Ł˅è8Ķơ&-Șş 10mm 9ʆ˭
˩ǄN¸ȅ&-ȶǠè˩³Nȶ˩ʕ(Biometrics Ȧʊ)Nȅ3öǄĻ×ǜ8GIĻ×&-a
~\Ĉǝƛ: 1000Hz 5&-ʇ˻ȶ5&3-ɵ˚Ⱥ±Ł9èȶ914JĨ
ɳȘȶ(Rectus Femoris:RF)Nȅ-˩Ǆʫ©ˍ³:-Þɲ˼ǁH 2cm Ơ9Þ
ɲ˼ǁ5ɰ˼Ƚ˭A49Ƕ5&-̃ė 4-4 ̄˩Ǆʫ©8Ìȱ/-ƁſNǪH&ȾțŬN
G (J-D8-ĈĖ9ÝǑNơ&-ʆ˭˩Ǆ:˭Ⱦțo~8G03ʫ©&-%H8
˅è8:K7G-YucVo~4Ęĵ&-  
ȶ˩ėØƹ8˚&3-ʓƹi}q TRIAS System(Biometrics Ȧʊ)N¸ȅ&3-ǹŃH
9Ơǜ8Ǯ'3ɵ±Ł9ș4J 1 ȩ˙9Ǡè˩³8Ĺ&3ĈǝƛØƹNʅ-1 ē9ø
ɔǎ9 MPF Nȸ×&- 127)$95-Ĉǝƛ9ŋĞō: 10~500Hz 5&-Ȱ˚ƛ:w
\ȰNȅ3-˽ʾ}TĤƍ̃FFT̄Nʅ0-ȸ×&- MPF : 1-20 ē-21-
40 ē-41-60 ē-61-80 ē-81-100 ē9 5 19șNRq 1, 2, 3, 4, 5 8+K,KØ
"-Rqǎ9ŎěÃNǖD-Rq 1 9ŎěÃNğǮ5&-Ĥêǿ9ǐʷNʅ0
-  
  
(8) ʄǥǂƽ   
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Ɗʄ&-ʄǥN 4	-3000 ēʵ4 15 Ø˙ˊŨØ˧&-š-ʄǧNØ˧&-ǬĵA4-
40	4ÔɈ¿İNʅ0-7-ʄǥ9Øƹ:ȷǝĨıȠȯğȕɐāgj5-ǒ˙9ë
Ȑǂƽǈ˚̃ǗƶŦȃǺȠȯŸ˪ǢƕŸ-ɾĝ̄8Įʗ&-ʄjSǳŔ-ʄV
\{ǳŔ̃«̉ʄMbǳŔ -̄ʄ[Pl}Ue}UY±hǳŔ̃«̉ʄ
 CPKǳŔ N̄ȸ×&-ʄjSǳŔ:PvˑØƹǈĒ̃ JLC-500/V2 Amino Acid 
Analyzer̅ƢƳ˩įƿŖ®ȦȦʊ -̄ʄMbǳŔ: ADVIA Centaur XP̃ ce
e]PkRP\veon[eƿŖ®Ȧʊ -̄ʄ CPK ǳŔ:[PlY±hYmq
LjR~_CK̃ ĊÍɂʂɺǃƿŖ®Ȧʊ N̄ȅ3Ǭĵ&-A--ʄˑǳŔ:-
ʄǥNƊù&-Șš8ˑǬĵĒ (Lactate Pro IT-1710:ARKRAY)Nȅ3Ǭĵ&-  
  
4-2-3. ɊʕıȓǂĵƠǜ  
Ð39pj:ŎěÃǇǮʟŇ4ȥ&-Ɋʕʓƹ: 2̅ɛ˙4Āyj9Ĥêy
jȉ7JN-Ʃ˙G<˸ƞǔƓùȭ˶9 2 ʍĔ49÷ŤǬĵ 2 ËˎəØƚØƹ
Nȅ3ǂĵ&-A--Bonferroni ǜNȅ-ħ˒ǐʷǂĵNʅ0-ɊʕÖȁ:Ɋʕ
i}q SPSS Statistics 22.0(SPSSȦ)Nȅ-ƮŰǔǮ: 5%5&-  
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ä 4-275% V
ɑ
O2max%*ǠȐȏDyOtYȞ¾  
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ä 4-3ƱȘġǞąȞ¾

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4-3. ƿř  
4-3-1. ǩYBx}ƀďɍä 4-5Ɏ 
ǩYBx}ƀď+	ɄłŪ*ƫɂ&ŊȮ)ȯ$Őĥ(Ə=ǽ3ɍp<0.01Ɏ
3	Ïǰâ*Åƺ½ř=ŞǷ
'!7*ɄłŪ)$4ŊȮ)ȯ9Őĥ(Åƺ
½ř.ǽ37:	:*ŊȮ)$4ɄłŪ)ȯ9Őĥ(Åƺ½ř.ǽ37:

ñȩŨȒŞù*ƿř	TǊ%+ post ergo)$ pre&ŨȒ$Őĥ)Ɉ1	post60)
$ post ergo&ŨȒ$Őĥ)×"
PǊ%+ post ergo)$ pre&ŨȒ$Ő
ĥ)Ɉ1	post30	post60)$ post ergo&ŨȒ$Őĥ)×"
1	TǊ+ P
Ǌ&ŨȒ$Őĥ)Ɉ¡%8	/$*pA}`%Őĥ)Ɉ¡=ƣ


4-3-2. ǩȨƀďɍä 4-6Ɏ 
ǩȨƀď+	TǊ)$	post ergo	post BDX%+ pre	post30	post60&ŨȒ
$Őĥ)Ɉ¡=ƣ
1 post30 %+ pre	post60 &ŨȒ$Őĥ)Ɉ¡=ƣ

7) post60 %+ pre &ŨȒ$Őĥ)Ɉ¡=ƣ
P Ǌ)$	post ergo	post 
BDX%+ pre	post30	post60&ŨȒ$Őĥ)Ɉ¡=ƣ
1	post30%+ pre&
ŨȒ$Őĥ)Ɉ¡=ƣ
ǊȮ%*ŐĥĈ+ǽ3("


4-3-3. ǩMbƀďɍä 4-7Ɏ 
ǩMbƀď+	ɄłŪ*ƫɂ&ŊȮ)ȯ$Őĥ(Ə=ǽ3ɍp<0.05Ɏ3	
Ïǰâ*Åƺ½ř=ŞǷ
'!7*ɄłŪ)$4ŊȮ)ȯ9Őĥ(Åƺ½
ř.ǽ37:	1	post30	post60 )$ɄłŪ)ȯ9Őĥ(Åƺ½ř.ǽ37
:
ñȩŨȒŞù*ƿř	TǊ%+ post30	post60)$ pre	postergo	post BDX
&ŨȒ$Őĥ)Ɉ"
PǊ%+ post30	post60)$ pre	post ergo	post BDX
&ŨȒ$Őĥ)Ɉ1	1 post60)$ post30&ŨȒ$Őĥ)Ɉ"
1	T
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Ǌ+ PǊ&ŨȒ$Őĥ)×¡%8	post30	post60)$Őĥ)×¡=ƣ


4-3-4. ǩ CPKƀďɍä 4-8Ɏ 
ǩ CPKƀď+	Ǌ&4) post ergo, post BDX)$ pre, post30, post60&ŨȒ
Őĥ)Ɉ¡=ƣ
7)	T Ǌ%+ post30 )$ pre, post60 &ŨȒ$Őĥ)
Ɉ¡=ƣ	post60 )$ pre &ŨȒ$Őĥ)Ɉ¡=ƣ
ǊȮ%*ŐĥĈ+ǽ3
("


 4-3-5BIODEX)69ǞąȞ¾*MPFîÀƉɍä 4-9Ɏ 
MPFîÀƉ+	Ǌ&4)	point1&ŨȒ$/$*pA}`%Őĥ)×"

7) PǊ%+ point2&ŨȒ$ point3, 4, 5)$Őĥ)×"
1	TǊ%+ P
Ǌ&ŨȒ$	×=įµ9¦Ó.27:ɍpoint4ɔp=0.057Ɏ

 
4-3-6BIODEX)69ǞąȞ¾*ǞąiJ`yJɍä 4-10Ɏ
iJ`yJ+	Ǌ&4)	point1&ŨȒ$/$*pA}`%Őĥ)×1	point2
&ŨȒ$ point3, 4%Őĥ)×"
ǊȮ%*ŐĥĈ+ǽ3("
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ä4-5 ǩYBx}ƀď 
Ȟ¾ȅǥ·	ǠȐȏDyOtYȞ¾ę	ǞąȞ¾ę	Ȟ¾ȅǥ30°ę	Ȟ¾ȅǥ60°ę
)29ǩYBx}ƀď=ƣ
żù¡+Čæ¡ŢŽǾĈ%ƣ$9ɍn=10Ɏ
 
Ǌ¬ŨȒ*ŐĥĈɔɏ p<0.05	ɏɏ p<0.01 
ǊȮŨȒ*ŐĥĈɔɋɋ p<0.01  
ÑżùƂ)29ǊȮŨȒ*ŐĥĈɔ p<0.01 
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ä4-6 ǩȨƀď 
Ȟ¾ȅǥ·	ǠȐȏDyOtYȞ¾ę	ǞąȞ¾ę	Ȟ¾ȅǥ30°ę	Ȟ¾ȅǥ60°ę
)29ǩȨƀď=ƣ
żù¡+Čæ¡ŢŽǾĈ%ƣ$9ɍn=10Ɏ
 
Ǌ¬ŨȒ*ŐĥĈɔɏ1 p<0.05 (vs. pre, post60)	ɏ2 p<0.05 (vs. post60)	ɏɏ1 p<0.01        
(vs. pre, post30, post60)	ɏɏ2 p<0.01 (vs. pre) 
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ä4-7 ǩMbƀď 
Ȟ¾ȅǥ·	ǠȐȏDyOtYȞ¾ę	ǞąȞ¾ę	Ȟ¾ȅǥ30°ę	Ȟ¾ȅǥ60°ę
)29ǩMbƀď=ƣ
żù¡+Čæ¡ŢŽǾĈ%ƣ$9ɍn=10Ɏ
 
Ǌ¬ŨȒ*ŐĥĈɔɏ	 p<0.05 (vs. post ergo)	ɏɏ	 p<0.01 (vs. pre, post BDX)	 
ɏɏ  p<0.01 (vs. pre, post ergo, post BDX, post30) 
ǊȮŨȒ*ŐĥĈɔɋɋ p<0.01  
ÑżùƂ)29ǊȮŨȒ*ŐĥĈɔp<0.05	 p<0.01 
 
 
 
 
 
0
10
20
30
40
50
60
70
pre post ergo post BDX post30 post60
T
P
		



M
b
#
[n
g/
m
L]
	
		
	
	
		
		

38 
 
 
 
ä4-8 ǩCPKƀď 
Ȟ¾ȅǥ·	ǠȐȏDyOtYȞ¾ę	ǞąȞ¾ę	Ȟ¾ȅǥ30°ę	Ȟ¾ȅǥ60°ę
)29ǩCPKƀď=ƣ
żù¡+Čæ¡ŢŽǾĈ%ƣ$9ɍn=10Ɏ
 
Ǌ¬ŨȒ*ŐĥĈɔɏ	 p<0.05 (vs. post 60)	ɏɏ	 p<0.01 (vs. pre, post 30, post 60)	 
ɏɏ  p<0.01 (vs. pre) 
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ä4-9 MPFîÀƉ 
point1ɍąȞ¾1-20áɎ	point2ɍąȞ¾21-40áɎ	point3ɍąȞ¾41-60áɎ	point4
ɍąȞ¾61-80áɎ	point5ɍąȞ¾81-100áɎ)29MPFîÀƉɍpoint1&*ŨƉɎ
=ƣ
żù¡+Čæ¡ŢŽǾĈ%ƣ$9ɍn=10Ɏ
 
Ǌ¬ŨȒ*ŐĥĈɔɏ	 p<0.05 (vs. point3,4,5)	ɏɏ	 p<0.01 (vs. point2,3,4,5) 
ÑżùƂ)29ǊȮŨȒɔpoint4)$p=0.057%8	Ĉ.9¦Ó=ƣ
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ä4-10 ǞąiJ`yJ 
point1ɍąȞ¾1-20áɎ	point2ɍąȞ¾21-40áɎ	point3ɍąȞ¾41-60áɎ	point4
ɍąȞ¾61-80áɎ	point5ɍąȞ¾81-100áɎ)29ǞąiJ`yJ=ƣ
ż
ù¡+Čæ¡ŢŽǾĈ%ƣ$9ɍn=10Ɏ
 
Ǌ¬ŨȒ*ŐĥĈɔɏ	 p<0.05 (vs. point4)	ɏɏ	 p<0.01 (vs. point2,3,4,5)	 
ɏɏ p<0.01 (vs. point3) 
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4-4. ǎý  
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(ėȼ=Ç0=ŞǷ
  
ŔơƬ)29ǩYBx}ƀď+	T Ǌ%+ P Ǌ&ŨȒ$/$*pA}`%Őĥ
)Ɉ1	YBx}Ū*ɄƏ)68ǩYBx}ƀď.ìº&.ƣ:
YBx}+
ĀǛ71ǩŵ)&8ȓ1:	Ïȥ)Ȟ,:9 128)
ƲƖļ=ǒƢîģǏ)YB
x} 3gɒŅ= 4ȚȮ	ƾÌİ=Ǫ"&;	YBx}İ 4ȚȮę*ǩžYBx}ƀ
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·&ŨȒ$ 2.3 )ìº	ƲƖļ*ǦÒ(ľÞ=ǽ3&.êÖ:$9
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1	Ņċƚ)Ĳġ`zb}K=Ǫ"$(£đ(Ƒõò÷ƍ 15Ò)þ$	1
ŅYBx} 6g=ȚȮ*ƾÌİ=Ǫŕ&YBx}Ⱥİ*ŕ*úɆ=::Ǫ
"ƿř	ǩžYBx}ƀď+Ⱥİŕ&ŨȒ$	YBx}İ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¡=ƣ&êÖ:$9 105)
7)	£ċƑġ)þ$ 1.66g*YBx}İ=Ǫ"
&;	1ŊȮę)+İ·&ŨȒ$	Őĥ)ǩ*YBx}ƀď.ìº&êÖ
:$9 129)
ŔơƬ)$4	¨ǪơƬÑš)YBx}Ū*ɄƏ)68ǩYBx}ƀ
ď.ìº&.ƣ:&7	ŔơƬ%ƏYBx}İ*YAr}KÇ-İ
Ȫ+	ǩYBx}ƀď=ìº9*)Ȣ±%"&ǎ7:9
  
ŔơƬ)29ǩȨƀď+	Ǌ&4)	post ergo	post BDX)$Ɉ¡=ƣ
$&7	ŔơƬ*Ȟ¾k{`Ny)68Ƹ7Ȩ.ƍĪ:9ƸȂ.Ȍ"
$&ǎ7:9
1	MPFîÀƉ6-ǞąiJ`yJ+	Ǌ&4)	pA
}` 1 &ŨȒ$/$*pA}`%Őĥ)×¡=ƣ
:1%*êÖ7	ƲƓ¼
.ƍ9&)68	MPF +×è.ƩǪ	iJ`yJ+×9&êÖ 124):$
8	ŔúɆk{`Ny)68ƲƓ¼.ƍ$9&.ƣ:
7)	ǩ Mb ƀď
+	Ǌ&4) pre&ŨȒ$ post 30, post60%Őĥ)Ɉ¡=ƣ
ɇŜƲ.Ĺ¥
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ŔơƬ%+	post30ɐ post60%Őĥ)
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:)68ǩMbƀď.ň
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:7*ƿř7	ŔúɆ*Ȟ¾)68ƲƓ¼	ƲĹ¥.ƍ
$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` 4)$×=įµ$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&ŨȒ$Őĥ)×¡=ƣ	Ƈ) post30ɐpost60)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9
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9 101)
 7)	w
\`)þ$ 0.5g/kg/day*Ȫ*YBx}= 2ȚȮİƿř	YBx}İǊ+Ⱥİ
Ǌ&ŨȒ$	ɇŜƲYBx}ƀď.Őĥ)ìº	Ȟ¾)69Ʋǐ¬*YBx}ƀď*ź
ā=įµ%	Ɠ¼ãĩ1%*ŊȮ.ȭ1(9&êÖ:$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5-1. ǅǵ 
Ȕč	?rdȨ+ƲY}fJȊÐĪ=ț9&*êÖ.ŀñ18 135-137)	ůƝ:$
9
Ƈ)?rdȨĻÊ)69ƲY}fJȊÐĪ)$+	g`*¬%ƍĪÍǖ( 9
ƫɂ*ğȿ?rdȨ.	ȩǰ(Ę¸=ř$9&ǎ7:$9 59-61)
1	ğȿ?
rdȨ*%4{AR}+mTORƹ=ŰġÀ 17)	ƲY}fJȊÐĪ=ț9ȩǰ(
âõ%9&.Ơ7:$9 18-25)
 
Ɉĕď*Ȟ¾=("ëÐ	Ȟ¾ęŀŊȮ7 1Ņƪďƾȟ$7	DOMS&Ù
,:9ƲƗ=ƙƊ9&.9 53-55)
DOMS*Æâ&$Ʋ	ƿÐƽǈ*Ĺ¥&*ę
*ƁƕÈĠ.Æâ%9&9ǿ.Ő¹%8 55,56)	DOMS.ƍ9&	*ę*`z
b}K*Ȋ5Ȫ)ėȼ=Ç0	?Tx`)&"$qAaT*¤Ȼ.ò&ǎ7:
9
*3	Ȟ¾ę* DOMS=%9 2į	7)ƲĹ¥*áĜ=Ș39&.?
Tx`)&"$+ȩǰ%9
 
?rdȨ*ƲƓ¼áĜ½ř)ȯ$	ɈĕďzSTY}TȞ¾ȅǥ%+ BCAA*ĻÊ=
Ņ 30gǪ&%ƲƗ.įµ:9&*êÖ.:$9 116).	ĻÊğǰȪ.ñ&
.ȶƂ%9
{AR}*ȦÐ¸Ð= 40Ɍ1%Ɉ3ğȿ?rdȨŷÐƆ*ĻÊ+	{A
R}*ȦÐ¸Ð 26Ɍ*ğȿ?rdȨŷÐƆ&ŨȒ$	ƲY}fJȊÐĪț½ř.Ɉ
&êÖ.(:$8 118,119)	40%*¸Ð*{AR}ɈȦÐƽĪ*?rdȨ=ĻÊ9
&)68	%9 2ā(Ȫ*ĻÊ%½Ɖƚ)ƲƓ¼=įµ9&.%9Íǖġ
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%	ŔơƬ%+{AR}ɈȦÐğȿ?rdȨŷÐƆ*ĻÊ.ĔġÉǇ=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ďÈĜzSTY}TȞ¾)6"$ƍ9ƲĹ¥)Ç0ėȼ=ŉ7)9&=Ɲƚ&

 
 
5-2.Ńŭ
5-2-1. þȄǏ 
þȄ+Ȟ¾ǌĨ*(£ċƑġ 10ÒɍčɊɔ23.01.6Ŧ	Ȏȭɔ174.15.8cm	ȩɔ
69.08.9kgɎ&	ßƄ	?yNyĻÊ6-Pkxt}`ĻÊ*ǌĨ=4(Ǐ&
ɍǫ 5-1Ɏ
ŔơƬ+	ƳŮò÷ǔƹơƬƧơƬ¢ƌôÜ*ĭǽ=Ë2$Ǫ<:
ɍ 23-24ÎɎ
þȄǏ)þ$+	ơƬ*ȍņ=Ã°)ǿŉ	Łō)69Ñĥ=ě$Ǫ
"
 
 
 
ǫ 5-1ǬɆǏĤê 
    čɊɍŦɎ ȎȭɍcmɎ ȩɍkgɎ 
ɍN=10Ɏ  23.0 ± 1.6 174.1 ± 5.8 69.0 ± 8.9 
 
 
 
 5-2-2. úɆk{`Nyɍä 5-1Ɏ 
ǼɆ_QA}+ȩƞŞJ{TFeǼɆ&
ŔǼɆ%+	ƅǚ*ǑĄƲǊ)Ȟ¾
=ȅǥ*ę 7 ŅȮ*áĜ=ǻ9ǼǪ=	ÐǶ 2 áǪ"
*Ȯ)	{AR}Ɉ
ȦÐğȿ?rdȨŷÐƆ41+kwVo*ǼɆɃ=ĻÊ$47	*½ř=ŞǷ

(	{AR}ɈȦÐğȿ?rdȨŷÐƆ=ĻÊ&= A Ǌ	kwVo=ĻÊ
&= PǊ&
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Ȟ¾ȅǥŅ·Ņ* 21 Ŋ)ǬɆǏ)ïɃ=Ȧĉ	21 Ŋ7 22 Ŋ*Ȯ)ïɃ=Ź1
$47"
ǬɆǏ+	Ȟ¾ȅǥŅ)Ňőƭǜƈħ%úɆû)Ŗ$	ȎƇġɍȎȭȩɎ
=żùę)Wxƈ*ȑɃɍ200kcal	Protein:Fat:Carbohydrateɖ15:20:65Ɏ=ĻÊ

mTwA}*żùɍǑĄƲǊ*ƱăġŏòƲ¹	ǩŵĴÊ)69ǩfwtY	
ǱǲƚǻăďɍVASɎ)69ƲƗƓ¼ĦɎ=Ǫ	:*ǼɆɃÛ= 200ml *Ū
&«)ĻÊ
30°ȮĐ)$øȹ)ę	ƱȘġƲ¹żùţɍBIODEX System 4	
Biodex Medical Systems ƤǮ ɕBIODEXɎ)$	ƅǚ*ǑĄƲǊ)þ9ūĞġ
ȡĞġȞ¾=ŏò»¹% 10 á5 V\`ȅǥ
V\`Ȯ*Ģ+ 10 ƨ&
Ȟ¾
ȅǥƟę)­ďǼɆɃÛ=ĻÊ	żùɍÑɎ=Ǫ"
Ȟ¾ȅǥĖŅ+Ăü·)4Ǽ
ɆɃÛ=ĻÊ96ĳƣ
ǬɆǏ+ǋŅȱ 1 ȚȮ)<"$ŋŧȗ8*ƍŰ=Ǫ
(.7ɍ 	ſȞ¾Tp]+ƦŤɎɓŅ 3áǼɆɃÛ=ĻÊ	1 1
Ņę	2 Ņę	3 Ņę	5 Ņę	7 Ņę)4żù=Ǫ"
ǼɆɃÛ*ĻÊYAr}K)#
$+	żùŅ+żù 30°·15ŊȽĂü·	żù=Ǫ<(Ņ+ 10ŊȽ15ŊȽ
Ăü·)ĻÊ96ĳƣ
Ȟ¾ȅǥę* 1 ȚȮ+Ƀ=ǹȬ	1?yNy*
ĻÊ+Íǖ(Ȳ8Ķ96ĳƣ
2áƝ*ǼǪ+	BE\Rv?B`ŒȮ&$ 3Ț
ȮǺ2	Ȟ¾=ȅǥ9ǚ6-ǼɆɃÛ=ª:Ŏ$úń
1	²á*ɃǹȬ=
4&)	Íǖ(Ȳ8²á&Ñš*Ƀ=ĻÊ96ĳƣ
 
 
5-2-3. ǼɆP}ky 
{AR}ɈȦÐğȿ?rdȨŷÐƆ+	9ƫɂ*ğȿ?rdȨɍex}ɗ{AR}ɗAX{
AR}ɗTzFb}gT[S}xS}t[Fb}`xk`j>}jCby?wb
}Ɏ= 1 ¿8 3.6g ȦÐɀƶƈ*ɃÛ=Ə
ğȿ?rdȨ*ȦÐ¸Ð+ǫ 5-2
*ȗ8&
kwVo+	ğȿ?rdȨÁ°=ƵœȤ§ɉǣƸŪɅ)ǉĸɀƶƈ*
ɃÛ=Ə
{AR}ɈȦÐğȿ?rdȨŷÐƆ&kwVo+	ðǳ	Ø%ȃ´.%(
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)ºć
 
 
5-2-4. żùȾƝ 
 ŏòǑĄŌƲ¹	ǩŵŞŚ	ǱǲƚǻăďɍVASɎ)69ƲƗ*żù=Ǫ"
żù*
YAr}K+Ȟ¾ȅǥ·ɍPreɎ	Ȟ¾ȅǥƟęɍPostɎ	Ȟ¾ȅǥ 1ŅęɍPost 1dɎ	Ȟ¾
ȅǥ 2ŅęɍPost 2dɎ	Ȟ¾ȅǥ 3ŅęɍPost 3dɎ	Ȟ¾ȅǥ 5ŅęɍPost 5dɎ	Ȟ¾ȅǥ
7ŅęɍPost 7dɎ*Ƕ 7á&
 
 
 (1) ŏòǑĄŌƲ¹ 
 BIODEX=Ə$	ŏòǑĄŌƲ¹*żù=Ǫ"
żùǓ+ƯĐ	ǑĄŌ 90ď&
	ƱăġƲ¹*żù=Ǫ"
 
 
(2) ǩŵŞŚ 
Ĵǩ+	ÂĊ1+ǟĎŞŚĮĊ.ǍƈĴǩȫ=Ə$ǑťƛȹǗ68Ǫ"
1á*
ĴǩȪ+ 19ml&
Ĵǩǩŵ+	4	3000áȐ% 15°ȮȡĞ°ȵę	ǩŸ
=°ȵ
(	ǩŵ*°Ř+ƳŮò÷ơƬéƜǄÐV}Y&	ũȮ*ÂƘŞŚţȯɍŬ
ŗĝƍƆơƬīȸ~ŲĽī	ǤçɎ)ôǸ
ǩ*?rdȨ¾ħ=ǻ93	`x
k`j>}=ȳ1 8ƫɂ*ğȿ?rdȨɍEAAɎ*ǩƀďɍɕǩ EAAƀďɎ	ǩ
{AR}ƀď=żù
ƲĹ¥qG&$ǩrFK{h}ƀďɍɕǩMb
ƀďɎ	ǩJz?[}HaWƀďɍɕǩ CPKƀďɎ*żù=Ǫ"
ǩ EAA
ƀď	ǩ{AR}ƀď+?rdȨ°ŘţàɍJLC-500/V2 Amino Acid AnalyzerɐŅŔȷ
õśēƤƤǮɎ	ǩMbƀď+ ADVIA Centaur XPɍRt}TlyTL?ZA?K
dT^@JTśēƤǮɎ	ǩ CPKƀď+Jz?[}HaWH\` LYAk|NCK
ɍÚ©ƺǨǡşśēƤǮɎ=Ə$żù
 
49 
 
 
(3) ƲƗ*ǻ 
 ƲƗ*ǻ+ VAS )68	Ǒ=ĄŌąȴ*ƔƗ*ƪď=ǻɍ0cm 7
10cm1%Ɏ
 
 
5-2-5. ǁǶ÷ƚŞùŃŭ 
ƿř+Čæ¡ŢŽǾĈ%ƣ
ǁǶǴŘ+	2ǊȮ%ÏfwtY*îÀfY}.
ƒ(9=	ŊȮ6-P}kyĻÊƫɂ* 2 ǰâ%*ÈĜżù 2 §Ȧǉ°Ŀ°Ř=Ə
$Şù
1	Bonferroni ǭť=ƏñȩŨȒŞù=Ǫ"
ǁǶ®ƌ+ǁǶXj
` SPSS Statistics 22.0(SPSSƤ)=Ə
ŐĥŪŽ+ 5%&
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 5-1 
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 5-2 ¯®]"085¨§Y 
 
1	

'g( 
'&( 
L-$% 1.44 40.0 
L-$% 0.39 10.8 
L-!% 0.40 11.1 
L-#% 0.34 9.4 
L-% 0.06 1.7 
L-!% 0.60 16.7 
L-% 0.12 3.3 
L-!% 0.03 0.8 
L-" % 0.24 6.7 
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5-3. | 
 5-3-1. @913:l+%@ EAAl³` 5-2,5-3´ 
@913:l#¡¯®"­wª!«3yr CBG¢),.)	X
_"WAT|/} 3
!"(wª!«-yr WAT|¢),.

'	¦U¤mE¬	M"61:4¡¯®!«-yr WAT|¢),
.
c©¥}f"|	A#¦U¤m	¦U¤ vm	¦U¤ 	vm	¦
U¤ vm	¦U¤ vm!	¦U¤P¥3yr!°l/3

'	A # P ¥3yr!°	¦U¤mE¬	M"61:4yr!°
l/3
 
@ EAAl# A P¥3yr!°	¦U¤ 1vmE¬	M"61
:4yr!°l/3¶'	A#¦U¤P¥3¦U¤m	+%
¦U 5vm"Jyr!°l/3
  
 
 5-3-2. xdRJ³` 5-4´ 
xdRJ#?*!¦U¤P"J¥3¦U¤m# 40%"yr R
F>/3
?*!vE¬n!^o3	¦U¤ 1 vm#¦U¤
m¥3yr!°J/3
2,! A#¦U 5vm!¦U¤m	¦
U 2vm¥3yr!°J/3	¦U 7vm!¦U¤m	¦U 3vm
¥3yr!°J/3
' P #¦U 7 vm!¦U¤m¥3
yr!°J/3
ª#yrj/¢) 
 
 
5-3-3. @ CPKl³` 5-5´ 
 @ CPKl"J#¦U¤m,n!°J/3	¦U¤ 3vm!x*
°J/3³P; 10654[IU/L], A; 9143[IU/L] 	´5"mFJ&t3	
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eyrj#¢) 
@ CPKl"¦U¤P,"bV#	¦U¤ 5vm
! P 76I	A 44I	P¥3 A!yr!FJ/3

'	P#¦U 5vm!	¦U¤P	¦U¤m	¦U¤ 1vm	¦U¤
 7vm¥3yr!°J/3
 
 
 5-3-4. @Mbl³` 5-6´ 
@ Mb l"J#¦U¤m,n!°J/3	¦U¤ 2-3 vm!x
*°J/3³P; 988[ng/ml], A; 809[ng/ml] 	´5"mFJ&t3	
eyrj#¢) 
@ Mb l"¦U¤P,"bV# P ¥3 A
!yr!FJ/3	¦U¤ 5vm!FJ/3
 
 
 5-3-5.  VAS³` 5-7´ 
 VAS#	?*!¦U¤m,n!°J/3	¦U¤ 2vm!
x*°J/3³P; 6.1[cm], A; 5.5[cm] 	´5"mFJ&t3
'	¦U
¤ 5vm! A# P¥3yr!FJ/3
 
 
 5-3-6. ¦Um"RF>QY!+-iO{³` 5-8,9,10,11,12,13,14´ 
¦U¤!+-xdR+%uK7;2;"bV#	¯ª"A,d
)	S!g-q"HDj/±3	¦U¤m"RF> 37²³k
aJ E´=" 5[/Sd	37²z" 5[/Sh3	iO{/1 

gp"  t}f/}f3|	Sh#Sd¥3	yr!R"F
>h2
 
Sd!	A P!xdRbV	@ CPKl+%@Mb
l!«3	yrj#¢),. 
  VAS!«3#	Sd! A
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¦U 3vm"J¦U¤P¥3yr!°
 
Sh!	A # P ¥3	¦U¤ 7 vm!xdR"^o
,.-L\(p=0.073)
@ CPKl	@ CPKlbV	@Mbb
V!«3yr CBG¢),.)	5.."X_"WAT|/} 3

@ CPKl!«3#	¦U 5vm!¡¯®!«-yr WAT|¢
),.	c©¥}f"|	¦U 5vm! A"@ CPKl#yr!FJ/
3
@ CPKlbV!«3#yr WAT|#¢),. 
@Mb
lbV!«3#	A # P ¥3yr!FJ/3
¦U 5 vm!¡
¯®!«-yr WAT|¢),.	c©¥}f"|	¦U 5 vm! A
"@MblbV#yr!FJ/3
 VAS!«3#yrj/¢) 

 

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


`5-2@913:l
¦U¤P	¦U¤m	¦U¤1vm	¦U¤2vm	¦U¤3vm	¦U¤5v
m	¦U¤7vm!-@913:l/
fJ#kaJ~£j3
-³n=10 
´ 
N¥"yrj·µ p<0.05 (vs. Pre)	µµ p<0.01 (vs. Pre) 
ª¥"yrj·±± p<0.01  
Z<f!-ª¥"yrj· p<0.05	 p<0.01 






0
50
100
150
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
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


`5-3@EAAl
¦U¤P	¦U¤m	¦U¤1vm	¦U¤2vm	¦U¤3vm	¦U¤5v
m	¦U¤7vm!-@913:l/
fJ#kaJ~£j3
-³n=10 
´ 
N¥"yrj·µµ p<0.01 (vs. Pre) 
ª¥"yrj·±± p<0.01  
Z<f!-ª¥"yrj· p<0.05	 p<0.01 



0
200
400
600
800
1000
1200
1400
Pre Post Post1d Post2d Post3d Post5d Post7d
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
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

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A



uM

57 
 
 
 
 
4 5-4D7R,&D7R,6/M 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4 
D7R,&^;4_D7R,6/M^14_Q
I8&=5&GJW<2Q1^n=10_
 
S'HY5E@<b` p<0.05 (vs. Post)	`	 p<0.05 (vs. Post, Post2d)	` p<0.05 (vs. Post, Post3d)	 
` p<0.05 (vs. Post1d)	` p<0.05 (vs. Post, Post2d, Post3d)	`` p<0.01 (vs. Post) 
 
 
 






	
  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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45-5U$CPKK>U$CPKK>6/M 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4 
U$CPKK>^;4_U$CPKK>6/M^14_Q
I8&=5&GJW<2Q1^n=10_
 
S'HY5E@<b` p<0.05 (vs. Pre, Post, Post1d, Post7d) 
3"I8L4S[HY5E@<b p<0.05 
 
 










      	




CP
K


[I
U
/L
]








      	


*



CP
K





[
]
59 
 
  
 
45-6U$MbK>U$MbK>6/M 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4 
U$MbK>^;4_U$MbK>6/M^14_Q
I8&=5&GJW<2Q1^n=10_
 
S[HY5E@<b] p<0.05  
3"I8L4S[HY5E@<b p<0.05 
 
 









      	




M
b

[n
g/
m
L]











      	




p=0.061


M
b




[
]
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45-7ROVAS 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4 
ROVASQ
I8&=5&GJW<2Q1^n=10_
 
S'HY5E@<b` p<0.05 (vs. Post5d, Post7d)	`	 p<0.05 (vs. Post7d)	` p<0.05 (vs. Post5d, Post7d) 
`` p<0.01 (vs. Pre, Post7d)	``	 p<0.01 (vs. Pre, Post5d, Post7d)	`` p<0.01 (vs. Pre) 
 




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45-8Z.P?5R,%#+225(\
! A0C5Z.XTP?5R,%#+2Q
I8&=5&GJW<2Q1^n=10_
 
R,%#+27SN-7S	9SN-9S3
 
S[HY5E@<b`` p<0.01 
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

4-9:)VF4D7R,6/M
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4:)VF
4N-9S^;4an=5_N-7S^14an=5_5D7R,6/MQ
I8&=5&GJW<2Q1
 
S'HY5E@<b`` p<0.01 (PS41) 









      



p=0.073
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 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

45-10:)VF4U$CPKK> 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4:)VF
4N-9S^;4an=5_N-7S^14an=5_5U$CPKK>Q
I8&=5&GJW<2Q1
 
3"I8L4S[HY5E@<b p<0.05 
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
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





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 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    	
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
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
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

[IU
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

45-11:)VF4U$CPKK>6/M 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4:)VF
4N-9S^;4an=5_N-7S^14an=5_5U$CPKK>6/MQ
I8&=5&GJW<2Q1
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 	
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 p=0.058
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p=0.094
(T
 vs. P

2-way ANOVA)
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

45-12:)VF4U$MbK>
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4:)VF
4N-9S^;4an=5_N-7S^14an=5_5U$MbK>Q
I8&=5&GJW<2Q1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

45-13:)VF4U$MbK>6/M 
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4:)VF
4N-9S^;4an=5_N-7S^14an=5_5U$MbK>6/MQ
I8&=5&GJW<2Q1

 
S[HY5E@<b] p<0.05  
3"I8L4S[HY5E@<b p<0.05 
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

45-14:)VF4ROVAS
Z.XT*	Z.XTP?	Z.XT1B?	Z.XT2B?	Z.XT3B?	Z.XT5B?	Z.XT7B?4:)VF
4N-9S^;4an=5_N-7S^14an=5_5ROVASQ
I8&=5&GJW<2Q1
 
S'HY5E@<b` p<0.05 (AS41) 
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